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Background. The three terms “panic”, “irrationality”, and “herding” are ubiquitous in the crowd dynamics literature and have a
strong influence on both modelling and management practices. The terms are also commonly shared between the scientific and
nonscientific domains. The pervasiveness of the use of these terms is to the point where their underlying assumptions have often
been treated as common knowledge by both experts and lay persons. Yet, at the same time, the literature on crowddynamics presents
ample debate, contradiction, and inconsistency on these topics.Method. This review is the first to systematically revisit these three
terms in a unified study to highlight the scope of this debate. We extracted from peer-reviewed journal articles direct quotes that
offer a definition, conceptualisation, or supporting/contradicting evidence on these terms and/or their underlying theories. To
further examine the suitability of the term herding, a secondary and more detailed analysis is also conducted on studies that have
specifically investigated this phenomenon in empirical settings. Results. The review shows that (i) there is no consensus on the
definition for the terms panic and irrationality and that (ii) the literature is highly divided along discipline lines on how accurate
these theories/terminologies are for describing human escape behaviour.The review reveals a complete division and disconnection
between studies published by social scientists and those from the physical science domain and also between studies whose main
focus is on numerical simulation versus those with empirical focus. (iii) Despite the ambiguity of the definitions and the missing
consensus in the literature, these terms are still increasingly and persistently mentioned in crowd evacuation studies. (iv) Different
to panic and irrationality, there is relative consistency in definitions of the term herding, with the term usually being associatedwith
‘(blind) imitation’. However, based on the findings of empirical studies, we argue why, despite the relative consistency in meaning,
(v) the term herding itself lacks adequate nuance and accuracy for describing the role of ‘social influence’ in escape behaviour.
Our conclusions also emphasise the importance of distinguishing between the social influence on various aspects of evacuation
behaviour and avoiding generalisation across various behavioural layers. Conclusions. We argue that the use of these three terms in
the scientific literature does not contribute constructively to extending the knowledge or to improving the modelling capabilities
in the field of crowd dynamics. This is largely due to the ambiguity of these terms, the overly simplistic nature of their assumptions,
or the fact that the theories they represent are not readily verifiable. Recommendations. We suggest that it would be beneficial for
advancing this research field that the phenomena related to these three terms are clearly defined by more tangible and quantifiable
terms and be formulated as verifiable hypotheses, so they can be operationalized for empirical testing.
1. Introduction
As researchers working in the field of pedestrian dynamics,
we have experienced that a presentation of a piece of research
on the topic of crowd evacuation, whether to an academic
audience or lay audience, barely goes by without researchers
being confronted with these questions: How about the effect
of panic? How do you model/experiment panic? To a lesser
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extent, we also similarly receive questions of this nature
during peer review processes. The question is also often
accompanied by follow-up questions on irrational behaviour
during evacuations and herding phenomena and how we
take those into account in our computational models or
experimentations.
We have also observed that these debates are often
not resolved with a rigorous argument based on facts and
empirical evidence and are, rather, addressed with some
level of speculation and resorting to intuition. Nevertheless,
researchers often concede that these might be limitations
of their study and phenomena that they still have not been
able to tackle. Sometimes, researchers take a more defensive
position facing this question and present counterarguments
that are meant to dismiss these phenomena as matters
that should not concern us when designing our research
experiments or formulating our models.
The question that arises is why, after so many years of
research in this field, have these terms remained intractable?
Does this stem from a lack of clear definitions and/or a lack of
well-conditioned theoretical conceptualisation? Is this a sign
that these terms are still not well defined and that they may,
to some degree, be misdirecting the research in this field?
The issue of panic constitutes a rather frequent disclaimer
at the discussion section of publications on crowd evacuation
dynamics and a common ground for criticising themodelling
and experimentation efforts in this field [1]. Such disclaimers
often appear in wordings such as: These experiments were
conducted under nonpanic conditions [2], or the influence of
panic has been excluded from the experiment/model [3, 4].
This gives the indication that simulating/modelling panic is
going to be a future development in this field something that
the research is headed towards, but one that we have not been
able to tackle just yet.
What is, however, very clear is that the terms, panic, irra-
tionality, and herding are among the most ubiquitous terms
in the crowd dynamics literature. A peculiar characteristic
is that they are used as commonly shared language between
the scientific literature, the public, and the media to describe
collective evacuation behaviour [5]. As stated by Quarantelli
[5], “what constitutes panic is illustrated by presentations
of anecdotal examples from stories of disaster behavior in
journalistic and popular sources”. Here, we investigate what
level of consensus exists on their definition and meaning. We
survey the scientific literature of crowd dynamics and analyse
the use of these three terms with the aim of identifying
(i) whether the literature offers unified definitions, (ii) how
different segments of the literature view these terms and
their theories in general, (iii) how well supported they are
in various segments of the literature, and (iv) how they
can potentially influence experimentation, modelling, and
management practices in this field.
2. Methods
The main purpose of the review is to perform a structured
literature search on the use of the terms panic, irrationality,
and herding in the context of emergency evacuation of
crowds.This will help to establish whether unified definitions
can be identified, and it will identify possible inconsistencies
or contradictions. In performing this analysis, we also aim
to provide an overall reflection of how different research
fields perceive each of these terms. The literature review puts
together studies froma range of disciplines including physical
sciences, social sciences, and biological sciences.
The structured literature analysis is mainly performed
on direct quotes from peer-reviewed research articles where
these terms have appeared. The main criterion for the
selection of the underlying studies was that they had to
be exclusively in the context of emergency behaviour, and
particularly the behaviour of humans within crowds. For
example, the use of the term herding in financial or other
contexts where the term is frequently used is not considered
here.
Using Scopus as our primary database, we performed
title-keywords-abstract searches by applying all possible
combinations between the terms “pedestrian, evacuation,
crowd, escape, disaster, emergency”, and the set of three focus
terms of this study “panic, irrational, herd” while separating
them by the operator “AND”. Each search outcome was
limited to Articles and Reviews as Document Types, and
exclusively Journals as Source Types. No particular date was
specified. This search was initially performed in August 2018.
It was subsequently updated in January 2019, limiting the
outputs to 2018 and 2019 as Year of publication. For each
search, the outputs underwent an initial screening to identify
the relevant articles.This screeningwas performedfirst on the
title of the articles that appeared in search outputs and then on
their abstract and keywords only if necessary (i.e., only if the
title did not give clear indication of whether the study would
be potentially relevant to the content of the review). The
search was also supplemented by a prior and less systematic
search on a personal reference database that includes nearly
2000 selected articles in the context of crowd dynamics, as
well as a variety of Google Scholar searches using similar
combination of terms used in Scopus.
This process generated a shortlist of nearly 200 articles
whose full texts were screened for the purpose of extracting
quotes relevant to the context of this review. The full text
of each article was searched for the use of the terms ‘panic’,
‘irrational(ity)’, and ‘herd(ing)’ separately. The criteria for
choosing quotes where these terms appeared were that the
quote has to convey some form of definition on the term,
characterise the term (or its underlying phenomenon), or
make some comment on the validity of their underlying
theory or the commonness of the phenomenon real-life
emergencies. We use these broad inclusion criteria to achieve
a comprehensive and objective perspective on how these
terms are perceived and used in various subdivisions of the
literature.
Out of the nearly 200 shortlisted articles whose full texts
were analysed for the use of these terms, half of them (101
items) produced at least one quote that met our criteria
outlined above.These quotes were extracted from each article
and were stored in separate Word files for further subsequent
analyses. In the subsequent analyses, mainly for the purpose
of keeping this review to a reasonable length, quotes within
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studies that had produced more abundant material had to
be prioritised. In such cases, where a study had produced
several and often lengthy quotes relevant to our review topic,
the quotes with similar content were compared together and
briefest ones were chosen. Also, for quotes in which more
than one of the three terms had appeared, the quote was
only categorised in one of the three sections related to these
terms by identifying the term that was dominant in the quote
(i.e., the term that constituted the primary theme of the
quote). This way, we avoided repeating individual quote for
the analyses on our three terms.
The selected quotes were subsequently further analysed
and categorised. We differentiated between the quotes in
terms of whether they offer a definition/characterisation on
the term or just comment on the commonness/likeliness
of the underlying phenomenon. Where possible we also
recorded whether the quote sentiment is in support of the
underlying theory or the use of the term, or instead, contra-
dicts or rejects that idea. Also, in order to demonstrate how
intertwined these terms are within the scientific literature,
we recorded when the quote links (at least) two of the three
terms together. We categorised the source study of each
quote into one of the three main disciplines, social sciences,
physical sciences, and biological sciences. This categorisation
is predominantly based on the discipline of journal that has
published the study as well as the main theme of the study.
In most cases, these criteria aligned with one another, but in
cases where one single categorisation was not possible, more
than one category was assigned to the source article. This cat-
egorisation was primarily meant to indicate whether and how
the perception of these three terms varies across researchers
from different disciplines. The studies that we surveyed had
one (or sometimes more) of these three themes as their main
focus: modelling, empirical testing, and conceptualisation.
We categorised each quote based on the primary category
of its underlying study among these three categories. Often
more than one category were applicable to the source study
of a quote. In those cases, we allowed belonging to more
than one category. The purpose of this categorisation was to
identify whether there is a noticeable difference in definition
and/or perception of our three terms of interest across studies
whose main focus is on modelling compared to empirical
studies or those that only conceptualise these phenomena.
Although this is a somewhat crude categorisation of studies
and should be interpreted as such, we suggest that it facilitates
some coarse insights. The quotes that we extracted from
individual studies were quite diverse. However, we were
able to identify common themes across clusters of these
quotes. Therefore, to further summarise and categorise these
individual quotes, we identified these common themes and
added them as short comments to each quote. In cases
where the quote did not fit any of those common themes no
comments were added to the quote.
The outcome of the analysis outlined above is sum-
marised and reported in Tables 5, 6, and 7, respectively,
for terms panic, irrationality, and herding. For each quote
listed in these tables, the source reference from which the
quote has been extracted is cited. The table also determines
whether the quote links each term to either (or both)
of the two other terms. It also determines whether the
quote offers any definition or conceptualisation on this term
(when applicable) and whether it conveys support for the
panic/irrationality/herding theory or challenges/contradicts
it (when applicable). Then, in order to identify how these
characteristics of the quotes are influenced by the discipline
from which the study originated, the source reference of the
quote is categorised in one (or, occasionally, two) of the three
disciplines: social sciences, physical sciences, and biological
sciences.The source reference is also categorised based on the
nature of the study. If the study is heavily focused on numer-
ical simulation and modelling without much connection to
empirical analysis, then it is categorised as a “modelling” type
study. If the study presents noticeable empirical components
it is categorised as “empirical testing”. If the study only offers
conceptualisation on this term or its underlying theory, then
it is categorised as a “conceptualisation” study. Occasionally
some studies had to be categorised in more than one of the
two study types.
In order to establishwhether ‘herding’, as a terminology, is
suitable and accurate enough for describing the phenomena
that it is meant to embody, it seemed necessary to examine
this term based on the findings of empirical studies. There-
fore, we decided to perform a supplementary survey on the
herding phenomenon in evacuation exclusive to the studies
that have experimented this question in one form or another.
This supplementary survey is not based on the analysis of the
quotes per se, rather than concerns the individual studies,
those that have provided experimental findings on herding
behaviour in evacuations. In collecting a comprehensive
set of references related to this supplementary survey, we
first extracted relevant studies from a previous review of
the empirical studies in crowd dynamics whose reference
database was last updated in April 2017 [6]. In order to iden-
tify studies that were published after April 2017 we conducted
supplementary search inGoogle Scholar and Scopus, with the
main selection criterion being that the experiment report on
some form of empirical testing or experimentation on the
topic. In total, 24 articles qualified for this supplementary
literature analysis. The supplementary analysis allowed us to
focus deeper on the herding phenomenon beyond the use of
terminology by assembling all existing empirical findings to
date. Our conclusions and recommendations regarding the
suitability of the term herding are mostly grounded in this
secondary analysis.
3. Quotes on the Term ‘Panic’
The original quotes on the term panic have been listed and
analysed in Table 5 in Appendix. The extracted quotes
on the term panic were subsequently analysed and after
identifying the common themes across the quotes; they
were categorised into 22 reduced comments. Table 1 lists
these reduced comments along with the frequency of their
occurrence in the original comments extracted on the term
panic. The table also shows how many times each theme has
been repeated in studies across the three different disciplines
we considered (i.e., social sciences, physical sciences, and
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Figure 1: Visualising the frequency of quotes on the termpanic that convey support for the theory versus those that challenge it.The pie charts
on the left show the frequency of the supporting comments across the disciplines (on the top) and across the study types (in the bottom).
Similarly, the pie charts on the right show the frequency of the contradicting comments again across the disciplines (on the top) and across the
study types (in the bottom). The column chart in the middle compares the frequency of these comments in total regardless of the discipline
or type of the study from which the comments were extracted.
biological sciences) as well as across the three different study
types that we considered (i.e., modelling, empirical testing,
and conceptualisation). Figure 1 visualises the frequency of
the quotes that indicate support for the panic theory versus
those that challenge (or contradict) the theory, again across
disciplines, and across study types. Figure 2 illustrates the
outcome of a temporal analysis on the frequency of the
quotes.
One of the most recurring themes in the extracted
comments on the term panic concerns the fact that the
theory of panic is not well supported by empirical testing
[7, 8] (comment #16 in Table 1). Out of nearly 112 comments
extracted on the term panic, this theme repeated 27 times.
According to Table 1, the majority of such comments orig-
inated from studies in the social sciences. Another theme
that was very common among the quotes was statements
indicating that panic in and of itself is a major cause of injury
in emergency incidents and crises and can aggravate the harm
caused by the actual crisis [9, 10]. Quotes of this nature were
repeated in 13 cases according to Table 1 (comment #4) and
the majority of the quotes originated from modelling-type
studies published within the domains of physical sciences.
Third in this ranking was a noticeable set of quotes that
pointed out to a major problem regarding the use of panic in
evacuationmodelling; the fact that the literature has so far not
been able to produce a unified definition for the term panic
and that has left the theory of panic largely unverifiable and
subject tomere speculation and debate [11, 12].This comment
(#13 in Table 1) was repeated in 12 cases in the quotes
extracted on the term panic and again is one of the areas
along which the social and physical science studies divide.
The vast majority of the quotes that pointed this issue out
were obtained from the social science and conceptualisation
studies whereas modelling studies have largely downplayed
this problem. This highlights a major problem for modelling
practice that aim to represent the so-called panic behaviour
in their modelling formulations. In the absence of a clear
definition on what panic means, efforts to mathematically
represent it in the models will largely be subject to the
interpretation of the modeller. In addition, even in the
domain of social sciences, panic has a very broad definition
ranging from aspects such as extreme emotions, groundless
fear, uncontrolled flight behaviour, impatience, the quick
transmission of excessive fear (i.e., emotional contagion), or
the disappearance of normal social bonds [13]. According to
Quarantelli [5], early definitions in sociology textbooks and
articles view panic as “the crowd in dissolution” or “collective
flight based on a hysterical belief” or “dysfunctional escape
behavior generated by fortuitous, ever varying circumstances,
but involving impending danger”. The author also continues
to point out that “early approaches to panic were vague
in defining the phenomena. However, most formulations
view panic as either extreme and groundless fear, or flight
behavior”.The inconsistency and the variety of the definitions
make the practice of integrating them with predictive models
(as aimed by physical scientists working in this domain)more
arbitrary and rather subjective.
Of those studies that attempted to offer some defini-
tions on the term panic, we found quotes indicating that
panic refers to random, unhinged and erratic behaviour [14]
6 Journal of Advanced Transportation
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Figure 2: Visualising temporal analyses on quotes that include the term panic. The column chart on the top represents the total number of
quotes and the one in the bottom splits the frequency based on whether the quotes support or contradict the theory (chart on the left) and
based on the study discipline (chart on the right). To account for the fact that the last time interval includes 6 years as opposed to the rest of
the time intervals that include 5 years, the numbers associated with the last interval have been scaled down by a factor of 5/6. The very few
studies covered by this review and published prior to 1993 or in 2019 we accommodated in the first and last intervals, respectively.
(comment #7 in Table 1), comments that referred to panic
simply as an extreme state of fear or stress during emergencies
[11] (comment #8 in Table 1), and also those that described
panic manifested as nonhumanistic behaviour [15], imitative
behaviour [16], or physically competitive behaviour [17]. It
is unlikely that all these conditions can exist at the same
time which suggests the theory of panic is not clearly defined
and has remained so for many years. The mere fact that
modellers try to represent panic using model parameters [18]
per se contradicts the idea that panic means people showing
random behaviour, because something that is completely
random cannot be modelled or predicted. Also, the idea that
panic is accompanied by an increased tendency to follow the
crowd [19] further contradicts the idea of random behaviour,
because following the majority is itself a strategy and is not a
random act.
The social identity and the affiliative behaviour theory [13,
15] proposed by social scientists present arguments against
the point of view of the mass panic theory as selfish and
uncontrolled behaviour. In contrast to the panic theory, social
psychologists have in recent years developed and tested a
conceptual model of affiliative collective behaviour in emer-
gencies and disasters that explains how “a sense of common
fate is the source of an emergent shared social identity among
survivors, which in turn provides themotivation to give social
support to others affected”. [13]
Similarly, the studies that attribute the inefficiency of
crowd evacuation behaviour and the occurrence of exit
blockages to the increased physical competitiveness caused
by panic have also been challenged by recent empirical
work that suggests increased physical competition does not
necessarily translate to inefficient egress processes [20–22].
Related to this interpretation (or manifestation) of panic
behaviour, Helio¨vaara, Ehtamo, Helbing, and Korhonen [23]
have pointed out that “In the literature of social psychology,
the pushing behavior is often related to panic. Panic occurs
in situations of scarce and dwindling resources and panicking
people tend to behave irrationally and adopt a selfish attitude.
However, there has been a consensus for decades that actual
panic occurs rarely in real crowds and evacuating people tend
to behave rationally”.
Another common theme that does not come at the top of
the list in terms of the frequency of repeating in the quotes
but points to an important problem is comment #21 which
recognises that “panic theory has significant implications
for crowd management” [24]. It pertinently reminds us of
the implication that the term panic and the assumptions
that it implies may have on how managers and emergency
Journal of Advanced Transportation 7
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Figure 3: Visualising the frequency of quotes on the term irrationality that convey support for the theory versus those that challenge it. The
pie charts on the left show the frequency of the supporting comments across the disciplines (on the top) and across the study types (in the
bottom). Similarly, the pie charts on the right show the frequency of the contradicting comments again across the disciplines (on the top) and
across the study types (in the bottom). The column chart in the middle compares the frequency of these comments in total regardless of the
discipline or type of the study from which the comments were extracted.
responders decide to communicate information to the crowd
in incidents of emergency. It recognises that this assumption
may be used as a justification to withhold information from
the crowd in order to avoid panic andminimise the harm that
it may cause. As Heide [25] has pointed out, “The problem
with the panic misconception is that the public, the media,
and even emergency planners and public officials believe
it. Because of this, officials may hesitate to issue warnings
because they are convinced that the resulting panic will cause
more damage than the disaster itself”. He also continues
that “this belief has led to recommendations to avoid panic
by (1) providing minimal information to occupants in the
event of a building fire and (2) carrying on normal activ-
ities until the last possible moment”. Similar concern has
been voiced by Proulx [26] who has stated that “During
emergencies, the anticipation of mass ‘panic’ has been a
favoured argument to delay warning the public”. This group
of studies that pointed to this problem argue extensively
that withholding information frompotential evacuees cannot
reasonably be the best course of action in emergencies
[24, 25].
The plots presented in Figure 1 provide an illustration
of the divide that exists between social science and physical
science studies on how they view the term panic. While the
quotes extracted in this review show a relatively balanced
split in terms of the number of quotes that support the
theory of mass panic versus those that contradict it, a
clear difference is noticeable when a comparison is made
across the disciplines or across the study types. According to
these plots, while the majority of the quotes obtained from
studies in the domain of physical sciences (mostly, modelling
studies) treat the existence of panic as a proven fact, the
situation is completely reverse when one considers the quotes
extracted from the studies published by social scientists on
this topic. Modelling studies have predominantly tried to
represent a partial representation of what is known as panic
behaviour in their mathematical formulations using simple
parameters (that make agents show more noisy behaviour,
or more imitative behaviour or more physically competitive
behaviour) while assuming panic and its characterisation as
proven by their predecessor studies, whereas social scientists
have placed a heavier focus on identifying empirical evidence
that supports the idea of collective panic behaviour in mass
emergencies and have in most cases failed to observe such
evidence [27, 28].
The temporal analysis presented in Figure 2 further
highlights this disconnect between disciplines in how they
view the term panic. It further illustrates that, despite the
increasing debate on the appropriateness of this term in
evacuation literature, the term is increasingly appearing in the
scientific literature. According to the set of quotes extracted
in this review, while the use of the term among these quotes
shows a relatively stable pattern that the social science studies
in terms of the frequency of mention, its frequency of being
mentioned has surged among the modelling studies. It is
also interesting to note, at least among the quotes that were
extracted here, that there is no mention of the term panic in
physical science studies published prior to year 2000.
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Figure 4: Visualising temporal analyses on quotes that include the term irrationality.The column chart on the top represents the total number
of quotes and the ones in the bottom splits the frequency based on whether the quotes support or contradict the theory (chart on the left) and
based on the study discipline (chart on the right). To account for the fact that the last time interval includes 6 years as opposed to the rest of
the time intervals that include 5 years, the numbers associated with the last interval have been scaled down by a factor of 5/6. The very few
studies covered by this review and published prior to 1993 or in 2019 we accommodated in the first and last intervals respectively.
4. Quotes on the Term ‘Irrationality’
The original quotes extracted on the term irrationality are
listed in Table 6 in Appendix where similar type of catego-
risation has been conducted to that of the panic term
as explained in the previous section. These quotes were
categorised subsequently into 11 common themes presented
as reduced comments on the term irrationality in Table 2.
Figure 3 provides a visual illustration of the frequency of the
comments on the term irrationality based on the total set
of comments, the discipline of their origin and the type of
their study of origin. And Figure 4 provides the outcome of
a temporal analysis on these comments based on the year of
publication for their study of origin.
The most common theme that was observable among
the quotes that were extracted in this work were those
that attribute irrationality very closely to panic, by stating
that making irrational decisions is one of the aspects of
collective panic (comment #1 in Table 2) [29]. In other
words, these were the comments which suggest that panic
implies irrational behaviour too. According to Quarantelli
[5], for example, “present day discussions about panic also
revolve around whether or not the behavior is irrational,
and whether it is highly contagious or not”. We also found
a relatively substantial number of quotes challenging the
theory of irrationality and stating that the theory cannot
be regarded as an accurate and verifiable description of a
behavioural phenomenon in the face of threats [15, 30, 31].
This comment was the second most common in the list of
reduced comments on irrationality (comment #7).
Another group of statements pointed to a set of very
important dimensions which are often neglected in discus-
sions of the topic of irrational behaviour and that includes (1)
irrational from whose perspective and (2) irrational relative
to which reference point. These statements are collectively
reflected in comments #9, 10, and 11. As pointed out by
Drury, Novelli, and Stott [24], “To judge a response as
irrational requires a frame of reference, but the frame of
reference is often unclear in a mass emergency”. Therefore,
it is not sufficient to merely talk about the rationality of
human responses without measuring the effectiveness of the
response relative to a proper reference point and that is an
element that is often missing from the discussions on this
topic. How such a reference point can be set and how the
efficiency or rationality or optimality of behaviour can be
measured against it is certainly a matter of research in this
area [32], but its necessity seems to be indisputable. Further
on that issue, a considerable number of studies that were
reviewed pointed out that what seems an irrational act may
be an individual’s best perceived course of action. Drury,
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Novelli, and Stott [24] stated that “Fleeing, fear, screaming
or other responses to perceived danger may therefore be
entirely reasonable [rational] given the limited information
– and limited choices – available to people in the midst of
an emergency”. In a more recent study, Drury [13] further
elaborates on the importance of taking into consideration
who judges the behaviour as irrational. He points out that
“what appears post hoc and from an external perspective to
be an overreaction (such as running frantically following a
bomb blast) might be reasonable and proportionate from the
perspective of those involved”. Similarly, Kelley, Condry Jr,
Dahlke, and Hill [33] mentioned that “The individual is no
less rational or moral in the panic than in any other situation.
He is always in pursuit of his own interests and acts on
the basis of his current estimates of where these lie”. The
comment by Sheppard, Rubin, Wardman, and Wessely [34]
stating that “Incorrect decision-making due to incomplete
information or insufficient resources is not the same as
irrational decision-making and as such is not sufficient to
categorise someone as panicking” as well as the conclusion of
the study ofHelio¨vaara, Ehtamo, Helbing, and Korhonen [23]
stating that “The jams created at bottlenecks along the exit
route are often considered to be caused by irrational behavior,
a state of psychological panic. However, this study shows that,
under threatening conditions, clogging may be caused by
crowd members who act rationally according to simple and
intuitive assumptions” are also along those lines. Further to
that, we also suggest that the research in this area needs to
differentiate between what is traditionally known as “social
optimum” versus “individualistic optimum” in scenarios
where humans interact with one another in their decision-
making and particularly those in which they compete for lim-
ited resources (which is the case in situations of emergency
with the resources being the limited capacity for escape)
[35]. In such systems, these two types of optimums often do
not coincide with each other. What is optimum course of
action from an individual decision-making perspective may
not necessarily be the optimum behaviour from a system
perspective. We suggest that this is another dimension that
needs to be considered in conversations on this topic and in
moving towards more operational definitions for rationality.
The plots shown in Figures 3 and 4 demonstrate that,
similar to the term panic, the use of the term irrationality in
studies of evacuation is increasing according to the quotes
collected in this work. These figures, compared to Figures
1 and 2, demonstrate that there were lesser numbers of
mentions of the term irrationality compared to that of panic,
according to the references that we reviewed. However, there
is a relatively higher percentage of the quotes that do not sup-
port the theory of collective irrationality in escape scenarios
compared to the nearly even split that was identified on the
termpanic (the column charts in the middle). In other words,
irrationality appears to be a less popular and less common
term in the studies that we surveyed in this review and is
cited much less frequently in modelling studies especially
compared to the term panic which appears to be more
pervasive. We only had a handful of quotes that supported
the theory of irrationality, whereas we extracted a relatively
considerable number of quotes, 26 quotes, challenging this
idea, and those quotes split evenly between the social and
physical science studies according to Figure 3.
5. Quotes on the Term ‘Herding’
The original quotes on the term herding have been listed in
Table 7 inAppendix. In addition to the analysis on the quotes
that have mentioned this term, a detailed analysis was con-
ducted on empirical studies about the herding assumption
in evacuations. Figure 5 provides a visual illustration of the
frequency of the comments on the term herding based on
the total set of comments, the discipline of their origin and
the type of their study of origin. And Figure 6 provides the
outcome of a temporal analysis on these comments based on
the year of publication for their study of origin.
The most common theme across the set of quotes that we
analysed was related to the definition of the term herding in
evacuation. According to these quotes, herding in evacuation
refers to an increased tendency to follow the crowd, or more
specifically to imitate the action of the majority [36, 37].This
theme was repeated in 15 quotes out of 72 quotes that were
identified on this term (comment #18 in Table 3). Unlike the
set of quotes on the term panic and irrationality that did
not provide any consensus in terms of the definition and
rather added to the mixture on the definition of these terms,
the quotes on herding indicated that the majority of studies
perceive this term in a roughly similar way. This is of course
beside the point of how accurate or suitable this term is for
application in evacuation research which is a matter we will
discuss below. It merely reflects and describes the current
state of the literature and the dominant view on how this term
is used and what it refers to.
Another common theme among the quotes we obtained
was the use of imbalanced utilisation of exits observed in
crowd escape scenarios (regardless of how likely that is to
occur) as evidence for herding [17, 38, 39]. This constitutes
the reduced comment #20 in Table 3 that was repeated 11
times across all the quotes. The statements reflected by this
reduced comment basically assumed that if the crowd shows
an imbalance in the utilisation of exits in spaces where
there are multiple exit options, then that can be regarded
as evidence that individuals within the crowd tend to copy
the action of majority. However, whether this imbalanced
use of exit capacities stems from an inherent tendency for
copying the action of the majority (that individuals made a
conscious decision to follow the crowd) or is attributable to
other reasons is a matter of debate which will be discussed in
more detail in the following sections [40–42].
A considerable body of studies that we reviewed provided
comments that indicate herd behaviour, as a feature of escape
panic, is a common form of behaviour in evacuations and
thus it should be a common assumption for numerical
modelling (i.e., numerical models need to produce herding
effect in order to be deemed realistic) [18, 43–46]. These are
collectively reflected in reduced comments #1, 2, 4, and 6
in Table 3. While we leave examination of the validity of
this assumption to our discussion on empirical studies, we
only mention here that as opposed to these abundant set of
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Figure 5: Visualising the frequency of quotes on the term herding that convey support for the theory versus those that challenge it. The
pie charts on the left show the frequency of the supporting comments across the disciplines (on the top) and across the study types (in the
bottom). Similarly, the pie charts on the right show the frequency of the contradicting comments again across the disciplines (on the top) and
across the study types (in the bottom). The column chart in the middle compares the frequency of these comments in total regardless of the
discipline or type of the study from which the comments were extracted.
comments, we had quotes that provided a different view and
disregarded the assumption that people show herd mentality
in escape situations [47] in addition to quotes from studies
that recognise that unless people face substantial amount of
uncertainty in their surroundings, they will not be likely to
take imitative actions [48].
A number of quotes that we extracted considered how
herding tendencies influences efficiency of collective crowd
egress. These quotes ranged from suggesting that herding
behaviour is a detriment to efficient evacuations [37, 49] to
those that believe this effect is still unestablished [39, 40, 50]
and that there may be scenarios where herding tendencies
are beneficial to an escaping crowd [18]. The subset of these
quotes that have not been derived from any simulating
testing and are more of a speculative nature did not made
it clear which aspect of evacuation decision-making they
refer to when connecting herding to the escape efficiency.
This is basically a distinction that has not thus far been
common in the literature. In line with this question, the
phenomenon of mixed strategy (i.e., mixture of herding and
individualistic behaviour) has been investigated by several
numerical studies. A number of those findings reflect on the
findings of such studies. These studies have also contributed
a mixture of evidence to the literature with some suggesting
that a crowd can benefit frommixed strategies [19] and some
suggesting that any percentage of herding strategy within the
crowd has a negative impact on the evacuation efficiency
[51].
The plots in Figure 5 suggest that unlike panic and
irrationality, the herding terminology is a much better
accepted term in the crowd dynamics literature. We found
many quotes that support this theory and this is far more
common among the modelling studies published in the
physical science domain. However, the temporal analysis in
Figure 6 reveals that firstly, the number of quotes on the
term herding shows a surge in the more recent publications
and secondly, those that contradict or challenge the herding
theory (or the terminology) have only emergedwithin the last
five years and that could be attributable to the rapid increase
in the empirical studies within that period many of which
observed evidence that did not support this theory [41, 48, 52]
6. Experimental Findings on ‘Herding’
Unlike the terms of panic and irrationality for which a lack
of clear definition was one of the most noticeable aspects
of our review, the term herding has a clearer, although
largely implicit, definition in the literature. The majority
of the quotes indicated that this term is used to describe
imitation behaviour or the act of following others. Whether
the ‘following’ specifically means copying the action of the
‘majority’ was less clear.Nevertheless, given this higher clarity
of meaning, the hypothesis of herding behaviour (or as we
prefer to say, the role of social influence) has been more
operationalizable and this has allowed the hypothesis to be
empirically tested in various forms by considerable number
of studies mostly published within the last five years. Here,
we comprehensively review these studies and their findings to
seewhatwe currently know about this behavioural theory.We
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Figure 6: Visualising temporal analyses on quotes that include the term herding.The column chart on the top represents the total number of
quotes and the ones in the bottom splits the frequency based on whether the quotes support or contradict the theory (chart on the left) and
based on the study discipline (chart on the right). To account for the fact that the last time interval includes 6 years as opposed to the rest of
the time intervals that include 5 years, the numbers associated with the last interval have been scaled down by a factor of 5/6. The very few
studies covered by this review and published prior to 1993 or in 2019 we accommodated in the first and last intervals, respectively.
also discuss the variety of terminologies that have been used
to describe this phenomenon along with their implications.
The set of studies that we reviewed often identify as
experiments on peer effect, social influence or neighbour
effect in evacuations [53–56] and some directly frame the
study as an investigation of herding behaviour [50, 57]. This
section provides a comprehensive review of these studies.
In total, 24 studies were identified on this topic which have
used empirical data of some form. The characteristics of
these studies were analysed and subsequently summarised in
Table 8 in Appendix. This table shows four main aspects or
dimensions of each of these studies: (i) what aspect of the
evacuation behaviour was investigated in relation to the peer
effect, (ii) what method they used for their data collection
(this could be virtual-reality, real crowds, or nonhuman
crowd experiments), (iii) did the study find evidence of
herding effect (which according to the majority of the body
of studies, refers to imitative behaviour), and (iv) what is
the main interesting aspect of their findings (this part is
provided as a short comment alongside each reference). This
analysis is the first to officially recognise that studies and
discussions on herding in evacuation should be performed in
relation to specific aspects of evacuee’s decisions as opposed
to discussing the topic in broad terms such as whether
people generally show an amplified tendency towards mass
behaviour (in all aspects of their decision-making). We have
identified and reported the specific aspect of the decision-
making that has been investigated in connection with peer
influence for each of the studies listed in Table 8 .
6.1. Definitions and Alternative Terminologies for Herding. As
mentioned previously, the problem has been framed using a
range of terminologies such as imitation [49], allelomimetic
behaviour, or allomimetic behaviour [46] (defined as a
range of activities in which the performance of a behaviour
increases the probability of that behaviour being performed
by other nearby animals), social influence [54, 55], peer
behaviour effect [53], neighbour behaviour effect [56], follow-
the-crowd behaviour [48], and of course, herding or herd-
type behaviour [41, 50, 52, 57, 58]. The phenomenon is also
referred to by a substantial body of studies as “symmetry
breaking” [42, 59–62]. Froma linguistic perspective, however,
the term does not exactly equate imitation. According to the
Longman Dictionary [63], the verb “herd” means “to bring
people together in a large group” or “to make animals move
together in a group”. However, as shown in the previous
section, the term is used almost as a substitute for “imitation”
in the crowd dynamics literature.
As a pioneer study in the field of crowddynamicsHelbing,
Farkas, and Vicsek [19] discussed the phenomenon and
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introduced it to numerical simulations. In their conceptu-
alisations “pure herding behaviour implies that the entire
crowd will eventually move into the same and probably
blocked direction, so that available exits are not efficiently
used”. These numerical testings were conducted in relation
to a simulated room with two exits. Therefore, we assume
that the term herding in its original form was specifically
used in relation to exit choice behaviour. And this is in
fact a common characteristic of the main body of studies
that have so far investigated the herding assumption using
empirical methods. They predominantly interpret herding in
the context of exit choice making. However, the literature
has been increasingly recognising the role of social influence
in other aspects of evacuation decision-making and a few
studies have looked into this problem in connection with
reaction responses of evacuees [55, 58, 64] and exit choice
adaptation (or exit choice changing) behaviour [65, 66]
of evacuees. Hence, in our analysis of the 24 empirical
studies on this topic, we have categorised each item into
one (or occasionally two) of these three categories: exit
(direction) choice, exit (direction) choice changing, and
reaction times. We also identified four general experimental
methods that have been adopted to study this topic: human
crowd (laboratory or evacuation drill) experiments, virtual-
reality experiments, experiments with groups of ants, and
experiments with groups of mice (as analogical experiments
of human crowds).
In the following subsections, we first investigate the
origins of the term herding in crowd dynamics and review
the first experiments (predominantly based on social insects)
which referred to this notion as the ‘symmetry breaking’ phe-
nomenon. We subsequently review the findings of empirical
studies that investigated the role of the social influence in
relation to each of the three behavioural sublayers that iden-
tified earlier. We then discuss two questions in subsections
that follow: (1) can observations of herding with social insects
or animals be reliably extrapolated to humans and (2) is the
term herding itself a suitable terminology to be used in crowd
dynamics.
6.2. Herding and Symmetry Breaking. The first attempt to
empirically test the herding assumption in the context of
crowd escape dates back to 2005 (five years after the pub-
lication of the pioneer paper in Nature [19]) where a study
published by American Naturalist reported on observing
“symmetry breaking” effects in experiments with groups of
ants [62]. According to the authors, “The phenomenon of
herding is a very general feature of the collective behavior
of many species in panic conditions, including humans” and
this statement constitutes themain premise of their study.The
authors observed in this work that groups of ants confined
in a chamber show an elevated level of imbalanced exit
utilisation when repelled by an aversive stimulus (a certain
dose of repellent chemical) and inferred that as a sign that
herding phenomenon exists in collective escape scenarios
and that the behaviour is shared across a range of species
including humans: “Our experimental results, combined
with theoretical models, suggest that some features of the
collective behavior of humans and ants can be quite similar
when escaping under panic.” Another statement that the
authors have made in their study is that “It has been predicted
theoretically that panic induced herding in individuals con-
fined to a room can produce a nonsymmetrical use of two
identical exit doors”. In evaluating this statement, we argue
on a major factor that seems to have been neglected and that
is the differentiation between exogenous and endogenous
modelling assumptions in numerical simulation methods.
The assumption of herding in Helbing, Farkas, and Vicsek
[19] was clearly an exogenous assumption meaning that the
authors formulated and imposed this assumption in the
formulation of their numerical model. Clearly, when one
formulates a certain type of phenomenon in the form of
mathematical models and implements that model, observing
that phenomenon (formulated exogenously) cannot reason-
ably be regarded as a proof of that phenomenon. We believe
that this is a distinction that in a number of cases like this the
literature has failed tomakewhen concluding fromnumerical
studies in this field in general. The conclusion from this
study has also been cited as an evidence that greater levels
of stress and urgency make humans to be more inclined
towards imitating the majority’s action in an emergency
escape context.
The assumption and terminology of symmetry break-
ing were subsequently followed up by further studies that
adopted the ant experiment technique and often made varia-
tions to the type of the aversive stimulus [61]. This includes
the study of Chung and Lin [59] where using controlled
heat-induced aversive stimulus, they observed that the degree
of asymmetry increased linearly with the temperature, and
also the study of Li, Huan, Roehner, Xu, Zeng, Di, and
Han [60] who investigated the effect of density on the
extent of symmetry breaking and observed that the degree
of asymmetry increased then decreased by ants’ density. The
most recent study of this kind has shown that symmetry
breaking is associated with the difference in the width of
exits in proportional ways, thereby concluding that there are,
in fact, some patterns of symmetry in symmetry breaking
phenomenon in ant groups [42].
6.3. Herding in Movement Initiation. Laboratory crowd
experiments in virtual and real(istic) environments have
increasingly furthered the knowledge on the role of social
influence within the recent years [67]. The problem of
premovement time in particular has received attention in
this context. According to Bode and Codling [68], “Social
influence occurs when individuals respond to the behaviour
of others and it is an important factor that needs to be
considered in research on premovement times in evacua-
tions”. The virtual-reality experiments of Kinateder, Mu¨ller,
Jost, Mu¨hlberger, and Pauli [55] and Van den Berg, van
Nes, and Hoogendoorn [58] have both provided evidence
on the significant role of peer behaviour effect on reaction
to threat (or movement initiation) responses of evacuees.
They have shown that the presence of passive virtual agent
made subjects delay their movement reaction, the more
people someone sees leaving, the more inclined this person
is to leave, and that seeing people leave has more impact
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than seeing people stay. The two experiments have been
conducted at different levels of virtual crowd density and they
collectively suggested that evacuees’ reaction to an emergency
signal is impacted by their neighbours’ behaviour and the
direction of influence is towards taking imitative actions,
regardless of whether or not the crowd in dense. In relation
to the premovement time response, we only know of one
study in nonvirtual experimental setting and that is the
study of Nilsson and Johansson [64] who utilised the data
from an evacuation drill in a cinema. According to Galea,
Deere, Hopkin, and Xie [69], “a subset of data from these
trials was later analysed to explore the impact of social
influence of close neighbours on response time” and “the
authors did report that response time for an individual was
related to that of a neighbour, so that participants acted more
like their neighbours than to others”. They concluded from
their analysis that social influence is an important factor in
reaction time, especiallywhen cues about dangers are unclear,
and that social influence (on reaction time) increases with
decreasing distance between visitors.
In terms of the influence of imitation in movement
initiation on evacuation efficiency, we do not know of any
study that has empirically tested this question, but a recent
numerical study has shown that lesser variability in reaction
times (which could be achieved when individuals tend to
initiate their movement as soon as their peers/neighbours do
so) shortens the duration of the evacuation [70]. And this
has been shown to be the case across a variety of density
levels (up to extreme densities). This suggests that herding in
movement initiation could be a beneficial form of behaviour
(although we should mention that numerical evidence to
the contrary of this finding also exists [71] suggesting that
a “staged” evacuation strategy (or waiting strategy) could be
more efficient than instant collective response).
6.4. Herding in Exit Choice. As mentioned earlier, a signifi-
cant portion of the empirical knowledge on the role of social
influence has been obtained from experiments that inves-
tigated exit choice behaviour. The experiments reported by
Bode and Codling [52] adopted a simplified form of virtual-
reality setting in which the subjects have a top-down view
of a two-dimensional computer-simulated crowd evacuation
scene and control and navigate their simulated agent using
mouse clicks while interacting with simulated agents. The
setting of this study simulates relatively dense crowd escape
scenarios. No distinct pattern of herding behaviour was
observed in this study. Experiments of direction/exit choice
in three-dimensional forms of virtual-reality have been
reported in [54, 55, 72, 73] where the experimental setting
often simulated a not-heavily crowded scene. As indicated by
the analysis in Table 8 , these studies have generally found
evidence for social influence in the direction of imitation. The
virtual-reality exit choice experiments reported by Lovreglio,
Fonzone, dell’Olio, and Borri [50] have been framed and
analysed in the form of discrete choice experiments and
represent relatively dense crowds. Using mixed logit models,
the authors estimated the relative importance of different
factors on exit choice. Their findings suggest that on average
social influence, measured as the number of people at exits,
reduces the likelihood of exits being selected. Therefore, this
study suggests that social influence has an effect, but that
the effect is the opposite to what is commonly proposed
under the herding assumption. The findings in this work
also qualitatively match those reported in [74], derived from
an independent discrete choice survey, which again does
not support the herding assumption. Another aspect that
is shared between these two studies and also the virtual-
reality studies of Kinateder, Comunale, and Warren [56]
and Bode, Wagoum, and Codling [75] is that they have
all produced evidence that suggest exit choice making is a
multiattribute trade-off (between time-dependant and time-
independent factors [75]). While peer behaviour appears to
have significant effect on evacuees’ exit decision, it is also
traded off with a range of other factors.
These findings have demonstrated that one cannot
assume that peer behaviour is the sole determinant of exit
choices and that is one of the main reasons we suggest that
the term herdingmay not be themost suitable terminology to
be used in this context. First of all, it indicates, by implication,
that the influence of observing peer behaviour is always to the
direction of imitation (whereas, sometimes the opposite is the
case) and secondly, it dismisses the role of other contributing
factors that compete with peer behaviour effect. It implies a
decision-making mechanism that is predominantly governed
by social influence. The overall message of the virtual-reality
experiments has been that in not-heavily crowded scenes
social influence acts to the direction of imitation and in
heavily crowded scenarios the direction of influence largely
reverses. But in all those cases, one also needs to take into
account the effect of other contributing attributes to the
decision-making (other than social influence) as well as
the role of individual differences in perceiving the social
influence [76].
Recent experiments conducted using crowds of volun-
teers, particularly those from which individual-level exit
choice observations were extracted [48], generally confirm
the findings of the virtual-reality experiments discussed
above. Particularly, the presence of multiattribute trade-off
between a set of factors that include peer influence appears
to be a recurring theme in all those studies [77]. In highly
dense laboratory crowd experiments, the dominant pattern
of exit choice behaviour has been avoiding the majority
[65]. However, Haghani and Sarvi [48] have shown that
when attribute ambiguity is introduced, the peer behaviour
can act at a positive direction (meaning people tend to
perceive direction chosen by majority more positively or at
least, less negatively in relation to the alternatives for which
attribute ambiguity exists). Therefore, it has been suggested
that the influence of peer behaviour in evacuation contexts is
moderated by the extent of decision uncertainty that evacuees
face.
In a recent study, Haghani and Sarvi [41] tested the effect
of urgency level as well as the density level on the perception
of peer behaviour and the results overall suggested that none
of these factors lead to an increased tendency to imitate oth-
ers. Under higher levels of simulated urgency or when faced
with a larger total number of people, decision-makers became
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actually less likely to follow the direction chosen by the
majority. In terms of how imitation in exit choices influences
egress efficiency, we currently only can resort to the evidence
from numerical simulations that suggest any elevated degree
of imitation in exit choice making negatively influences total
evacuation times. The suggestion from numerical studies is
that, when familiar with the location of exits, a crowd of
evacuee is best off avoiding a follow-the-majority strategy
[49].
6.5. Herding in Exit Choice Adaptation. The empirical evi-
dence on the role of peer effect in how evacuees change/adapt
their decisions is very sparse.The topic of decision adaptation
[78–80] within the general framework of evacuee’s decision-
making [81] is in general highly underrepresented in the
crowd dynamics literature. In particular, when contrasted
with the growing body of studies that have experimented
exit choice behaviour within the recent years [56, 75–77,
80, 82–85] very little attention has relatively been paid to
the mechanisms of exit choice changing. Proportionately,
much less is known about the influence of peer behaviour on
this aspect of evacuee’s behaviour compared to the influence
on exit choice. Recent studies that have experimented this
problem, however, have shown that, in crowded evacuation
scenarios (where queues form at exits), observing other
people changing their exit decisions is a trigger for the
observer to change the initial decision and imitate that action
[65, 66]. It has been shown in these experiments that once
one evacuee decides to leave a queue formed at an exit and
join another queue at another exit, it increases the likelihood
of decision changing by others followed by a burst of decision
changes. This phenomenon, however, even though it indi-
cates imitation, is not precisely consistent with a definition
of herding as “following the majority”. It is consistent with a
definition of herding as “imitating others” but “others” in this
case are often the minority. In such scenarios, at any point
in time, there are more people not changing their decisions
compared to the number of individuals who decide to change
their initial choice. Numerical testing in a recent study [86]
has also been shown that certain degrees of imitation in exit
choice making enhances the efficiency of crowd evacuations
from a system perspective.
6.6. Herding and Extrapolation of Behaviour from Social
Insects and Animals to Humans. The findings of the exper-
iment reported by Haghani and Sarvi [41], as outlined earlier,
may be regarded as evidence opposite the symmetry break-
ing.The experiment showed that as urgency increases, people
show even less tendency to follow the direction chosen by
more people.The stark contrast between this experiment and
those of the symmetry breaking experiments with ants could
be worthy of note. The symmetry breaking phenomenon
has been proven with ants through several independent
experiments. However, recent evidence is overwhelmingly
suggesting that the phenomenon does not seem to be repli-
cable when tested with humans. This might be only one of
the areas where the escape behaviour of insects and humans
differ fundamentally and thereby, generalisation across the
two should be avoided [87].
An implication of identifying such inconsistent obser-
vations between collective escape behaviour of insects and
humans may be that, wherever possible, behavioural exper-
imentation in this domain should take place with humans as
opposed to alternative animals/insects as proxies for humans.
In some research the notion can arise that findings from
research using social insects can be extrapolated directly to
emergency evacuations involving humans. However, there
are fundamental differences between species that go beyond
obvious physical distinguishing factors. For example, the
genetic make-up of ant colonies is largely homogeneous
which is likely to affect the trade-off between individual
survival and survival of other colony members. This could
explain why entire ant colonies reenter previously evacuated
nests in an attempt to save their brood (D. Parisi, personal
communication), behaviour that is unlikely to occur at this
scale in humans.
An argument in response to our proposition is that
such experiments are often conducted to help us repli-
cate the sense of real danger which cannot be possibly
considered in experiments with human subjects. It should,
however, be noted that in many cases, proxies for life-
threating dangers, such as creating the sense of urgency using
monetary incentives, could be used within the frameworks
of ethical experimentation and without imposing any real
danger on participants. This possibility could be taken into
consideration as offering a trade-off between using a proxy
urgency-inducing treatment with real humans (an accepting
a certain level of contextual approximation) as opposed to
using real urgency-inducing stimuli with animals/insects
(and accepting their fundamental behavioural differences as
a very different kind of approximation).
6.7. Is ‘Herding’ an Accurate Terminology? Previous discus-
sions in Section 5 revealed that the term herding is being
used in the literature with lesser degrees of inconsistency
in terms of the definition, compared to the terms panic
and irrationality. According to the quotes that we extracted,
most authors use this term as a reference to the act of
(blindly/passively) following others. There are alternative
interpretations as well, such as ‘synchronisation of actions’
or ‘congregations of people’ or ‘large groups moving to the
same direction’. But these definitions are not as common
as ‘copying’ or ‘imitation’ or ‘conforming to the behaviour
of the neighbours or the majority’. However, in light of the
empirical findings that we reviewed in this section, here we
argue that, despite this relative consistency in definition, the
term herding per se lacks accuracy in conveying the meaning
that it is meant to embody.
Firstly, herding is a term that has been originally used in
relation to animal groups. In that sense, it implicitly coveys
an irrational collective unconsciousness where individuals
surrender their own wisdom to the group and copy the
group blindly (thus, by a stretch of meaning, it may implicitly
convey the meaning of ‘acting like a group of animals’). In
that sense, the term is indeed linked to the panic/irrationality
theory which our review suggested to be not so well sup-
ported. A change of terminology may help dissociate this
concept from panic/irrationality. Further, the mere use of the
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term herding in the scientific literature gives the indication
that there are similarities between the escape-from-danger
responses of humans and those of animals, thereby, justifying
experimentation of animals’/insects’ behaviour as a proxy
for that of humans. As we discussed earlier in Section 6.5,
the emerging empirical evidence has not produced much
promising evidence for such analogies. Secondly, our review
of empirical findings showed that people exhibit various
kinds of tendency towards copying or not copying the actions
of others in evacuation contexts. Their behaviour appears to
be rather complex. For certain aspects of their behaviour (or
under certain contextual circumstances), they show tendency
to avoid the action of the majority rather than follow. Also, in
some cases, they might show imitative tendency but towards
the action of the minority rather the majority.The literature is
clearly showing that social influence on evacuation behaviour
differs depending on the type of action (e.g., movement
initiation, direction choice, and decision changing) and also,
depending on certain contextual factors (e.g., how crowded
the space is and how familiar the occupant is with the sur-
rounding environment), not tomention the role of individual
differences in all that. Therefore, there is a great amount of
nuance involved in this phenomenon that the term herding
fails to capture. The term gives the indications that when we
talk about the social influence, we essentially mean ‘following
others’, whereas, the term social/peer/neighbour influence
itself maintains neutrality and flexibility in that regard. It
embodies both tendencies to follow or to avoid others, as well
as tendencies to follow themajority or the minority. For these
reasons, we suggest that while the idea behind exploring the
role of social influence in evacuation is legitimately valid and
even essential, the problem does not need to be formulated as
a question about herding.We argue that this term comes with
an unnecessary amount of predisposed connotation (partly
inherited from the panic theory) as opposed to the nuance,
neutrality and flexibility that is required for describing a
rather complex phenomenon like this.
7. Discussion
We have adopted a literature survey approach to investigate,
in an open-minded way, if preferred or dominant definitions
for the three terms we investigate have emerged over time
in the literature. While we cannot claim that our literature
search is completely exhaustive, we argue that the number
of publications included is sufficiently large to adequately
support our findings. We acknowledge that the way we have
prioritised comments on the terms we investigate within
papers and the way we have grouped or reduced comments
and categorised supportive or unsupportive comments, as
well as the disciplines that publications belong to, is to some
extent subjective.Wehope that this qualitative analysis is nev-
ertheless a useful synthesis of the complete body of comments
we found which we report in full in the Appendix, Tables
5–7. Given the ambiguity/inaccuracy that we found regarding
the use of these terms and the lack of empirical evidence for
them (except for “herding” which is comparatively a better-
defined concept), it was not possible to perform a quantitative
meta-analysis or metasynthesis on the evidence pertaining to
“panic” and “irrationality”. As the empirical base for research
into human crowd dynamics continues to grow [6], such
meta-analyses will become an attractive option to test the
support for specific hypotheses by incorporating evidence
across several studies in a similar way to what has been done
in other fields of research [88]. However, we anticipate that
such an analysis will not be possible for the three terms we
discuss here. The unification of behavioural terminologies
and hypotheses could be a major useful step towards shaping
the literature in that direction.
Our survey of the crowd dynamics literature illustrated
that the three terms that we reviewed do not have an
unequivocally accepted definition in the literature. This is
particularly the case for the terms panic and irrationality.
While these terms are still used in increasing numbers of
publications, they are also discussed controversially. And in
the case of “irrationality”, most publications are explicitly
critical of the use of this term.An additional and complicating
aspect suggested by our literature search is that the terms
are used and treated differently in studies from different
broad disciplines of research. This is particularly evident for
the term “panic” which seems accepted and used (albeit in
different ways) in studies which we classified as belonging
to the physical sciences but is mostly opposed in studies we
classified as belonging to the social sciences. Based on this,
we suggest that at present, the use of the three terms “panic”,
“irrationality” and “herding” in the scientific literature does
not contribute constructively to describing, understanding or
even predicting evacuation behaviour.
A recent multidisciplinary effort to define terms fre-
quently used in research on pedestrian dynamics does not
include definitions for the terms “panic”, “irrationality”,
and “herding” [89]. Instead, this glossary even includes the
suggestion that some terms, including “panic”, and “herding”
that lack a clear definition or could lead tomisunderstandings
should not be used. This is in line with what we have found
by searching the literature extensively for uses of these three
terms, as well as the suggestions of several authors in the field
of social psychology. As Quarantelli [5] already concluded
in a seminal study titled “The sociology of panic” in 2001,
“There are two questions that will loom even larger in the
future. One is why despite the research evidence, the idea
of ”panic” captures the popular imagination and continues
to be evoked by scholars of human behavior. A second basic
question is whether there is still any scientific justification for
the continuing use of the concept in any technical sense in
the collective behavior area”. Our review suggested that the
use of these terminologies has not constructively contributed
value to the evacuation dynamics literature and if anything,
in some cases, the clear lack of definitions for (at least two of)
these terms has ambiguated the research field and hampered
the efforts of the researchers.Having reviewed the use of these
terms, for example, we were not able to identify a definition
for the term panic that can be framed as a testable hypothesis.
As a result of this issue in this research domain, assumptions
have been made that can neither be verified not rejected and
computational prediction models have been formulated that
cannot be objectively validated.
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These issues do not imply that anything loosely related
to the three terms cannot be investigated systematically.
Our detailed investigation of empirical evidence related to
the term “herding” suggests a constructive way forward.
While herding is arguably a vague concept, researchers
have specified concrete behavioural phenomena instead, such
as imitative behaviour, that lend themselves to scientific
investigation via observations, experiments or models. In a
similar vein, instead of focussing on the high-level ambiguous
term “panic”, we suggest it is a legitimate question to ask
“how intense levels of urgency, stress or fear influence evac-
uation behaviour”, “how optimality of evacuees’ decisions
can be measured, quantified or improved”, “under what
circumstances evacuees make more suboptimal decisions”,
“how observing peer behaviour influences various aspects of
evacuee’s decisions” or “under what circumstances evacuees
are more/less inclined to imitate actions of others”. Impor-
tantly, framing these questions in the form of ambiguous
terms, such as “panic”, “irrationality”, or “herding”, may
act as an impedance in scientifically investigating the topics
broadly related to the terms by obfuscating an otherwise
operationalizable set of questions. In particular, the imprecise
assumptions that can accompany these terms may dissuade
or divert research from studying these phenomena at the
level of nuance that they require. Therefore, we argue that it
would be beneficial for the progress of research in this field
that the questions related to the three terms discussed here
are clearly stated in terms of verifiable hypotheses and be
operationalized for empirical testing.
As an illustration for why the language that is used to
describe behavioural phenomena in this context matters and
can potentially have a significant influence on shaping and
directing the research in this field and even management
practices, consider the following examples. The assumption
that phenomena related to the term panic are not testable in
experimental settings with humans has made many authors
favour pure numerical methods over experimentation or
favour experimentation with animals or insects over exper-
iments with human crowds [59–62, 90–97]. In terms of
management practices, the theory could be cited in crises
situations as a reason for withholding information from the
crowd by managing authorities in order to save more lives.
According to the studies that we reviewed, this is based on
the rationale that if people know about a critical situation, it
might agitate them, ultimately causing them to panic which
will lead to irrational behaviour. In contrast to this line of
thinking, several authors like Heide [25] have argued that
“Evacuation warnings should not be withheld or delayed for
fear of precipitating widespread panic”. Similar important
implications are also conveyed by the term herding. The
term, as we showed in our detailed analysis of quotes, has
largely been used in the literature to convey imitative type of
behaviour [49]. However, the use of this (largely animalistic)
term does not make it clear whether there will be contexts or
aspects of behaviour in which people do not tend to imitate.
It also depicts a mechanism of decision-making in which
peer influence is the only factor or the dominant factor while
trivialising the role of other potential contributing factors to
human responses.
The research on evacuation dynamics has been actively
in progress for several decades. Many scholars from a range
of disciplines have been researching this topic and significant
progress has been made. However, we argued that, if thus far,
this ample effort has not converged to any well-defined and
empirically supported characterisation or a well-accepted
numerical model for panic, then it may be unlikely that such
goal be achieved in the future. This may be an indication
that some parts of the literature in this field may be in
need a fundamental reformulation. It warrants that some
of the concepts or terminologies, including those studied
in this review, be revisited and replaced with more proper
substitutes. In conclusion, we suggest that instead of framing
their investigation under the umbrella of the frequently used,
but ambiguous terms, “panic”, “irrationality”, and “herding”,
researchers could simply state the precise assumptions or
hypotheses underlying their work. In doing so, a more
integrative approach between the numerical, empirical, and
social science studies could prove useful. Table 4 lists a
summary of the conclusions that we drew based on this
review regarding the use of each of the three terms, alongwith
our recommendations.
Appendix
A.
See Table 5.
B.
See Table 6.
C.
See Table 7.
D.
See Table 8.
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in
ste
ad
of
ra
tio
na
la
ct
io
ns
in
du
ce
sh
er
di
ng
eff
ec
t.
(6
)
[8
]
∙
∙
∙
∙
H
er
di
ng
is
a
sig
n
of
irr
at
io
na
l
be
ha
vi
ou
r
Irr
at
io
na
lit
y:
Ac
co
un
tin
g
fo
rt
he
id
ea
th
at
in
di
vi
du
al
si
n
a
cr
ow
d
lo
se
ra
tio
na
lt
ho
ug
ht
(7
)
[9
9]
∙
∙
∙
∙
(i)
H
ig
h
he
rd
in
g
ca
us
es
a
cr
ow
d
of
hi
gh
ra
tio
na
lit
y
(e
sp
ec
ia
lly
in
no
rm
al
ci
rc
um
sta
nc
es
)t
o
be
co
m
e
m
or
e
“v
yi
ng
”i
n
be
ha
vi
ou
r.
(ii
)Th
eh
ig
h-
ra
tio
na
lit
yc
ro
w
d
is
sh
ow
n
to
sp
en
d
m
or
ee
va
cu
at
io
n
tim
e
th
an
al
ow
-r
at
io
na
lit
y
cr
ow
d
in
em
er
ge
nc
y
sit
ua
tio
ns
.
(8
)
[3
6]
∙
∙
∙
∙
Ra
tio
na
lit
y
is
as
so
ci
at
ed
w
ith
ev
ac
ua
tio
n
effi
ci
en
cy
Pe
rs
on
sw
ith
hi
gh
ra
tio
na
lit
y
de
al
w
ith
va
rio
us
sit
ua
tio
ns
ac
co
rd
in
g
to
th
ei
rp
re
ci
se
ju
dg
m
en
t,
w
hi
le
pe
rs
on
so
fl
ow
ra
tio
na
lit
y
ch
oo
se
str
at
eg
y
at
ra
nd
om
.
(9
)
[3
6]
∙
∙
∙
Ir
ra
tio
na
lit
y
m
ea
ns
de
ci
di
ng
ra
nd
om
ly
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e
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C
on
tin
ue
d.
Q
uo
te
s
Q
u.
Re
f.
N
o.
Im
pl
ic
at
io
ns
of
th
eq
uo
te
Th
es
ou
rc
e
stu
dy
C
om
m
en
ts/
In
te
rp
re
ta
tio
ns
D
isc
ip
lin
e
St
ud
y
ty
pe
Li
nk
st
o
H
.
Li
nk
st
o
P.
D
ef
./
Ch
a.
Ir.
Su
pp
.I
r.
C
on
t.
Ir.
So
c.
Sc
i.
Ph
ys
.
Sc
i.
Bi
o.
Sc
i.
M
od
.
Em
p.
Te
st.
C
on
c.
C
om
pu
te
rs
im
ul
at
io
n
re
su
lts
sh
ow
th
at
.
.
.
(2
)i
n
an
em
er
ge
nc
y
sit
ua
tio
n,
in
di
vi
du
al
hy
pe
r-
ra
tio
na
lit
y
am
on
g
ev
ac
ue
es
di
m
in
ish
es
ev
ac
ua
tio
n
effi
ci
en
cy
;(
3)
th
ei
m
ita
tio
n
eff
ec
te
nh
an
ce
sc
oo
pe
ra
tio
n
am
on
g
ev
ac
ue
es
,y
et
re
du
ce
se
va
cu
at
io
n
effi
ci
en
cy
.
(1
0)
[3
7]
∙
∙
∙
∙
(i)
Ra
tio
na
lit
y
is
as
so
ci
at
ed
w
ith
ev
ac
ua
tio
n
effi
ci
en
cy
(ii
)H
er
di
ng
is
de
tri
m
en
ta
lt
o
ev
ac
ua
tio
n
effi
ci
en
cy
Th
eu
nd
er
ly
in
g
be
ha
vi
or
co
ul
d
be
ca
lle
d
“ir
ra
tio
na
l”,
as
al
lo
ft
he
se
eff
ec
ts
de
cr
ea
se
th
ec
ha
nc
es
of
su
rv
iv
al
co
m
pa
re
d
to
no
rm
al
pe
de
str
ia
n
be
ha
vi
or
.
(1
1)
[1
03
]
∙
∙
∙
∙
Ra
tio
na
lit
y
is
as
so
ci
at
ed
w
ith
ev
ac
ua
tio
n
effi
ci
en
cy
Fo
ra
lo
w
le
ve
lo
fp
an
ic
,a
gr
ea
tn
um
be
ro
fi
nd
iv
id
ua
ls
ar
es
til
la
bl
et
o
ch
oo
se
au
to
no
m
ou
sly
th
eb
es
te
xi
tb
ut
,a
ss
oo
n
as
th
ei
rs
tre
ss
le
ve
l
in
cr
ea
se
s,
m
or
e
an
d
m
or
ep
er
so
ns
im
ita
te
ot
he
rp
er
so
ns
ar
ou
nd
th
em
,
di
sc
ar
di
ng
an
y
ra
tio
na
lb
eh
av
io
ur
.
(1
2)
[1
7]
∙
∙
∙
∙
∙
∙
H
er
di
ng
is
a
sig
n
of
irr
at
io
na
l
be
ha
vi
ou
r
G
ab
rie
lT
ar
de
(1
90
1)
(c
ite
d
in
va
n
G
in
ne
ke
n,
19
92
).
.
.
su
gg
es
te
d
th
at
by
m
er
ep
ro
xi
m
ity
pe
op
le
be
co
m
ea
cr
ow
d,
an
d
he
nc
es
ub
je
ct
to
un
cr
iti
ca
l
im
ita
tio
n
an
d
he
nc
ei
rr
at
io
na
lb
eh
av
io
ur
.
(1
3)
[1
32
]
∙
∙
∙
∙
∙
H
er
di
ng
is
a
sig
n
of
irr
at
io
na
l
be
ha
vi
ou
r
D
es
pi
te
th
ee
vi
de
nc
e,
an
um
be
ro
fm
yt
hs
ab
ou
td
isa
ste
rs
pe
rs
ist
in
pu
bl
ic
di
sc
ou
rs
e,
so
m
eo
fw
hi
ch
su
gg
es
tt
ha
tc
ol
le
ct
iv
eb
eh
av
io
ri
n
em
er
ge
nc
ie
si
sm
al
ad
ap
tiv
e,
irr
at
io
na
l,
an
d
ev
en
pa
th
ol
og
ic
al
.
(14
)
[3
1]
∙
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
is
no
ta
n
ac
cu
ra
te
th
eo
ry
fo
re
va
cu
at
io
n
be
ha
vi
ou
r
Th
ei
de
a
th
at
th
em
aj
or
ity
of
pe
op
le
in
su
ch
ci
rc
um
sta
nc
es
ar
ea
ct
in
g
‘ra
tio
na
lly
’a
tl
ea
st
in
th
ei
ro
w
n
te
rm
sc
on
tra
sts
w
ith
th
ec
on
ve
nt
io
na
l
es
ca
pe
m
od
el
w
hi
ch
as
su
m
es
ev
er
yo
ne
is
pa
ni
ck
in
g
(1
5)
[1
5]
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
is
no
ta
n
ac
cu
ra
te
th
eo
ry
fo
re
va
cu
at
io
n
be
ha
vi
ou
r
O
ve
rs
ev
er
al
de
ca
de
s,
stu
di
es
sp
ec
ifi
ca
lly
lo
ok
in
g
at
pa
ni
cb
eh
av
io
ur
in
fir
es
ha
ve
co
ns
ist
en
tly
sh
ow
n
th
at
no
n-
ad
ap
tiv
e
an
d
irr
at
io
na
l
be
ha
vi
ou
rs
ar
ea
ct
ua
lly
ar
ar
e
oc
cu
rr
en
ce
(1
6)
[3
0]
∙
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
is
no
ta
n
ac
cu
ra
te
th
eo
ry
fo
re
va
cu
at
io
n
be
ha
vi
ou
r
A
lth
ou
gh
ev
ac
ue
es
m
ig
ht
be
an
xi
ou
s,
an
d
fre
qu
en
tly
us
et
he
w
or
d
‘p
an
ic’
to
de
sc
rib
e
th
ei
ro
w
n
or
ot
he
rs
’r
ea
ct
io
n
to
ev
en
ts,
th
ey
do
no
t
be
ha
ve
in
an
irr
at
io
na
lo
ra
nt
iso
ci
al
m
an
ne
r.
(1
7)
[3
0]
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
is
no
ta
n
ac
cu
ra
te
th
eo
ry
fo
re
va
cu
at
io
n
be
ha
vi
ou
r
O
ne
im
po
rta
nt
im
pa
ct
of
th
er
ej
ec
tio
n
of
th
ec
on
ce
pt
of
pa
ni
ci
st
ha
t
m
an
ag
em
en
ta
ut
ho
rit
ie
s
sh
ou
ld
en
vi
sio
n
th
eb
ui
ld
in
g
oc
cu
pa
nt
sa
s
al
lie
sd
ur
in
g
afi
re
ra
th
er
th
an
a
m
as
so
fi
rr
at
io
na
lp
eo
pl
e
w
ho
ne
ed
to
be
co
nt
ro
lle
d
(1
8)
[3
0]
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
th
eo
ry
ha
ss
ig
ni
fic
an
t
im
pl
ic
at
io
ns
fo
rc
ro
w
d
m
an
ag
em
en
t
H
ow
ev
er
,m
an
ys
tu
di
es
on
hu
m
an
be
ha
vi
ou
ri
n
fir
ea
nd
cr
ow
d
di
sa
ste
rs
ha
ve
sh
ow
ed
th
at
ev
en
un
de
re
xt
re
m
el
y
cr
iti
ca
lc
on
di
tio
ns
pe
op
le
do
no
tp
an
ic
bu
tt
he
y
be
ha
ve
d
qu
ite
ra
tio
na
lly
he
lp
in
g
ea
ch
ot
he
r
(1
9)
[5
0]
∙
∙
∙
∙
Pe
op
le
ca
n
m
ai
nt
ai
n
ra
tio
na
lit
y
du
rin
g
cr
ise
s
Th
er
ea
re
va
rio
us
de
fin
iti
on
so
f‘
pa
ni
c’,
ad
ist
in
gu
ish
in
g
fe
at
ur
eo
fa
ll
of
th
em
is
th
ec
ro
w
d’s
su
pp
os
ed
irr
at
io
na
lit
y,
w
hi
ch
is
lin
ke
d
to
th
e
‘co
nt
ag
io
n’
of
em
ot
io
n.
(2
0)
[2
4]
∙
∙
∙
∙
Ir
ra
tio
na
lb
eh
av
io
ur
is
as
ym
pt
om
of
pa
ni
c
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eq
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te
Th
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e
stu
dy
C
om
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ts/
In
te
rp
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D
isc
ip
lin
e
St
ud
y
ty
pe
Li
nk
st
o
H
.
Li
nk
st
o
P.
D
ef
./
Ch
a.
Ir.
Su
pp
.I
r.
C
on
t.
Ir.
So
c.
Sc
i.
Ph
ys
.
Sc
i.
Bi
o.
Sc
i.
M
od
.
Em
p.
Te
st.
C
on
c.
To
ju
dg
ea
re
sp
on
se
as
irr
at
io
na
lr
eq
ui
re
sa
fra
m
eo
fr
ef
er
en
ce
,b
ut
th
e
fra
m
eo
fr
ef
er
en
ce
is
oft
en
un
cl
ea
ri
n
am
as
se
m
er
ge
nc
y.
(2
1)
[2
4]
∙
∙
M
ea
su
rin
g
ra
tio
na
lit
y
re
qu
ire
sa
re
fe
re
nc
e
po
in
t
Fl
ee
in
g,
fe
ar
,s
cr
ea
m
in
g
or
ot
he
rr
es
po
ns
es
to
pe
rc
ei
ve
d
da
ng
er
m
ay
th
er
ef
or
e
be
en
tir
el
y
re
as
on
ab
le
[r
at
io
na
l]
gi
ve
n
th
el
im
ite
d
in
fo
rm
at
io
n
–
an
d
lim
ite
d
ch
oi
ce
s–
av
ai
la
bl
et
o
pe
op
le
in
th
em
id
st
of
an
em
er
ge
nc
y
(2
2)
[2
4]
∙
∙
∙
∙
W
ha
ts
ee
m
si
rr
at
io
na
la
ct
,m
ay
be
in
di
vi
du
al
’s
be
st
pe
rc
ei
ve
d
co
ur
se
of
ac
tio
n
A
le
ad
in
g
ex
am
pl
eo
fs
up
po
se
d
irr
at
io
na
lc
ro
w
d
be
ha
vi
ou
r‘
pa
ni
c’,
w
hi
ch
is
ge
ne
ra
lly
co
nc
ep
tu
al
ise
d
as
irr
at
io
na
lfl
ig
ht
in
w
hi
ch
fe
ar
fu
l
pe
op
le
m
ay
en
d
up
hu
rti
ng
or
ki
lli
ng
th
em
se
lv
es
an
d
ot
he
rs
.
(2
3)
[1
33
]
∙
∙
∙
∙
M
yt
h
of
irr
at
io
na
lit
y:
cr
ow
ds
m
ay
ca
us
ep
eo
pl
et
o
be
ha
ve
irr
at
io
na
lly
or
to
en
ga
ge
in
pa
ni
ci
rr
at
io
na
lfl
ig
ht
.
(2
4)
[1
33
]
∙
∙
∙
∙
∙
Ir
ra
tio
na
lb
eh
av
io
ur
is
as
ym
pt
om
of
pa
ni
c
Re
nz
et
ti
an
d
Cu
rr
an
.
.
.
cl
ai
m
th
at
w
hi
le
pe
op
le
m
ay
co
py
on
ea
no
th
er
or
lo
ok
to
ot
he
rs
fo
ri
nd
ic
at
io
ns
of
ho
w
to
be
ha
ve
,t
hi
sd
oe
sn
ot
m
ea
n
th
at
th
ey
lo
se
th
ei
rr
at
io
na
lit
y
w
he
n
in
ac
ro
w
d
or
sim
ila
rt
yp
e
of
co
lle
ct
iv
ity
.
(2
5)
[1
33
]
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
th
eo
ry
ha
ss
ig
ni
fic
an
t
im
pl
ic
at
io
ns
fo
rc
ro
w
d
m
an
ag
em
en
t
(i)
C
ou
ch
(o
.c.
)a
rg
ue
d
th
at
so
m
ec
ro
w
ds
m
ay
ap
pe
ar
irr
at
io
na
li
n
th
at
th
ey
do
no
ts
up
po
rt
th
ei
de
as
“s
up
po
rte
d
by
th
ee
sta
bl
ish
ed
in
sti
tu
tio
ns
of
th
ed
ay
.”
(ii
)C
ou
ch
’s
an
al
yt
ic
ap
pr
oa
ch
su
gg
es
ts
th
at
th
ec
on
ce
pt
of
irr
at
io
na
lit
y
an
d
its
co
un
te
rp
ar
t,
ra
tio
na
lit
y,
m
ay
ha
ve
“li
m
ite
d
ap
pl
ic
ab
ili
ty
fo
r
so
ci
ol
og
ic
al
an
al
ys
is”
.
(2
6)
[1
33
]
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
th
eo
ry
ha
ss
ig
ni
fic
an
t
im
pl
ic
at
io
ns
fo
rc
ro
w
d
m
an
ag
em
en
t
In
bu
ild
in
gs
pe
op
le
ch
oo
se
th
er
ou
te
th
ey
kn
ow
or
w
he
n
no
tf
am
ili
ar
w
ith
th
eb
ui
ld
in
g
th
ei
re
xi
tr
ou
te
is
th
ew
ay
th
ey
en
te
re
d
th
eb
ui
ld
in
g.
A
lth
ou
gh
it
m
ig
ht
no
tb
et
he
m
os
to
pt
im
al
ro
ut
e,
th
is
do
es
no
ti
m
pl
y
irr
at
io
na
lit
y
or
ra
nd
om
ne
ss
..
.
.
[Th
is]
ca
n
be
co
ns
id
er
ed
ar
isk
as
se
ss
m
en
t.
(2
7)
[1
34
]
∙
∙
∙
∙
W
ha
ts
ee
m
si
rr
at
io
na
la
ct
,m
ay
be
in
di
vi
du
al
’s
be
st
pe
rc
ei
ve
d
co
ur
se
of
ac
tio
n
Th
en
ot
io
n
of
irr
at
io
na
lit
y
is
oft
en
us
ed
w
he
n
pe
op
le
ar
en
ot
be
ha
vi
ng
in
w
ha
ti
ss
ee
n
as
th
em
os
te
ffe
ct
iv
ew
ay
to
ac
hi
ev
ea
go
al
,l
ik
efl
ee
in
g
ou
to
fa
bu
ild
in
g
w
hi
le
no
tf
ol
lo
w
in
g
th
ee
m
er
ge
nc
y
ex
its
.H
ow
ev
er
,t
he
eff
ec
tiv
en
es
so
fb
eh
av
io
ur
is
co
m
pa
re
d
to
an
id
ea
lw
ay
of
ac
tin
g.
It
th
us
de
pe
nd
so
n
w
ho
ev
er
de
fin
es
th
ee
ffe
ct
iv
eo
ri
de
al
w
ay
ho
w
an
d
w
he
n
th
el
ab
el
“ir
ra
tio
na
l”
is
us
ed
(2
8)
[1
34
]
∙
∙
∙
∙
(i)
Ra
tio
na
lit
y
is
as
so
ci
at
ed
w
ith
ev
ac
ua
tio
n
effi
ci
en
cy
(ii
)M
ea
su
rin
g
ra
tio
na
lit
y
re
qu
ire
sa
re
fe
re
nc
e
po
in
t
Th
ef
ac
ti
st
ha
tp
eo
pl
e
in
cr
ow
ds
do
no
tb
eh
av
ei
rr
at
io
na
lly
,i
.e.
do
no
t
en
co
un
te
ra
co
gn
iti
ve
sh
ut
-d
ow
n.
Ac
tu
al
ly,
th
ea
va
ila
bl
ee
vi
de
nc
e
su
pp
or
ts
th
eo
pp
os
ite
:i
nd
iv
id
ua
ls
be
ha
ve
ra
tio
na
lly
gi
ve
n
th
e
in
fo
rm
at
io
n
th
ey
ha
ve
an
d
th
ey
pu
rs
ue
go
al
se
ffe
ct
iv
el
y
(2
9)
[1
34
]
∙
∙
∙
(i)
Ir
ra
tio
na
lit
y
th
eo
ry
ha
ss
ig
ni
fic
an
t
im
pl
ic
at
io
ns
fo
rc
ro
w
d
m
an
ag
em
en
t
(ii
)M
ea
su
rin
g
ra
tio
na
lit
y
re
qu
ire
sa
re
fe
re
nc
e
po
in
t
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i.
M
od
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p.
Te
st.
C
on
c.
Pa
ni
ch
as
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en
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ci
at
ed
w
ith
in
di
vi
du
al
ist
ic
re
sp
on
se
sa
nd
ch
ar
ac
te
ris
ed
by
“s
el
f-p
re
se
rv
at
io
n
at
al
lc
os
ts,
by
‘ir
ra
tio
na
l’
an
im
al
ist
ic
be
ha
vi
ou
ri
nv
ol
vi
ng
th
eb
re
ak
do
w
n
of
gr
ou
p
tie
s(
i.e
.
‘n
on
-s
oc
ia
l’
be
ha
vi
ou
r:
ig
no
rin
g
of
gr
ou
p
m
em
be
rs
,o
r‘
an
tis
oc
ia
l’
be
ha
vi
ou
r:
ki
ck
in
g,
tra
m
pl
in
g)
’”
[o
.c.
].
.
.
th
is
is
an
in
ac
cu
ra
te
ge
ne
ra
lis
at
io
n;
ho
w
ev
er
,t
hi
st
yp
e
of
de
sc
rip
tio
n
ha
si
m
pl
ic
at
io
ns
fo
r
th
ew
ay
si
n
w
hi
ch
m
ot
iv
at
io
n
to
es
ca
pe
is
ex
pl
ai
ne
d.
(3
0)
[1
2]
∙
∙
∙
∙
Ir
ra
tio
na
lit
y
th
eo
ry
ha
ss
ig
ni
fic
an
t
im
pl
ic
at
io
ns
fo
rc
ro
w
d
m
an
ag
em
en
t
M
in
tz
su
gg
es
te
d
th
at
in
eff
ec
tu
al
es
ca
pe
in
an
ev
ac
ua
tin
g
cr
ow
d
is
du
e
to
in
di
vi
du
al
ca
lc
ul
at
io
n
of
co
sts
an
d
be
ne
fit
s,
ra
th
er
th
an
to
a
co
nt
ag
io
us
ou
tb
ur
st
of
m
as
si
rr
at
io
na
lit
y,
as
as
su
m
ed
by
th
ee
ar
ly
m
as
s
pa
ni
cm
od
el
s.
(3
1)
[1
13
]
∙
∙
∙
(i)
W
ha
ts
ee
m
si
rr
at
io
na
la
ct
,m
ay
be
in
di
vi
du
al
’s
be
st
pe
rc
ei
ve
d
co
ur
se
of
ac
tio
n
(ii
)I
rr
at
io
na
lb
eh
av
io
ur
is
as
ym
pt
om
of
pa
ni
c
Th
es
ev
er
al
so
ci
ol
og
ic
al
an
d
so
ci
al
ps
yc
ho
lo
gi
ca
lt
he
or
ie
so
fc
ol
le
ct
iv
e
be
ha
vi
or
w
hi
ch
co
ns
id
er
pa
ni
c.
.
.
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nc
y
to
fo
llo
w
th
ei
rn
ei
gh
bo
ur
sa
s
su
gg
es
te
d
in
an
ea
rly
m
od
el
of
cr
ow
d
pa
ni
cs
[o
.c.
],
w
hi
ch
w
ou
ld
gi
ve
ris
e
to
th
eo
bs
er
ve
d
he
rd
in
g
pa
tte
rn
un
de
rh
ig
h
str
es
s.
(5
)
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0]
∙
∙
∙
∙
∙
(i)
St
re
ss
in
cr
ea
se
sh
er
di
ng
te
nd
en
cy
(ii
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er
di
ng
re
su
lts
fro
m
fo
llo
w
in
g
ne
ig
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ou
rs
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en
ts
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tt
o
ev
ac
ua
te
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qu
ic
kl
y
as
po
ss
ib
le
an
d
m
ay
tr
y
to
ch
oo
se
th
ec
lo
se
st
ex
it.
At
th
e
sa
m
et
im
e,
th
ey
m
ay
ha
ve
th
e
he
rd
m
en
ta
lit
y.
(6
)
[1
01
]
∙
∙
∙
∙
H
er
di
ng
is
af
ea
tu
re
of
pa
ni
c
be
ha
vi
ou
r
H
er
di
ng
is
str
on
ge
ru
nd
er
hi
gh
str
es
st
ha
n
un
de
rl
ow
str
es
s.
.
.
[b
ut
],
pe
de
str
ia
ns
ha
d
a
hi
gh
er
pr
ob
ab
ili
ty
of
fo
llo
w
in
g
th
ei
rn
ei
gh
bo
ur
sw
he
n
str
es
sw
as
hi
gh
,s
im
pl
yb
ec
au
se
th
e
ne
ig
hb
ou
rin
g
in
di
vi
du
al
sw
er
e
m
or
en
um
er
ou
sd
ue
to
th
e
in
cr
ea
se
d
de
ns
ity
le
ve
l.
H
er
di
ng
,
th
er
ef
or
e,
re
su
lte
d
fro
m
th
e
cr
ow
de
dn
es
sa
nd
no
tf
ro
m
a
ch
an
ge
in
th
ei
nd
iv
id
ua
l
te
nd
en
cy
to
im
ita
te
ne
ig
hb
ou
rs
.
(7
)
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0]
∙
∙
∙
(i)
St
re
ss
in
cr
ea
se
sh
er
di
ng
te
nd
en
cy
(ii
)H
er
di
ng
te
nd
en
cy
is
m
od
er
at
ed
by
th
ec
ro
w
de
dn
es
s
le
ve
l
(ii
i)
H
er
di
ng
is
no
tt
he
sa
m
ea
s
im
ita
tio
n
It
re
m
ai
ns
un
cl
ea
rt
o
w
ha
te
xt
en
t
pu
sh
in
g,
ov
er
cr
ow
di
ng
an
d
pe
er
im
ita
tio
n
[h
er
di
ng
]c
an
aff
ec
tt
he
effi
ci
en
cy
of
eg
re
ss
.Th
em
ai
n
ob
sta
cl
et
o
an
sw
er
in
g
th
es
e
qu
es
tio
ns
is
th
es
ca
rc
ity
of
de
ta
ile
d
em
pi
ric
al
da
ta
.
(8
)
[4
0]
∙
∙
Th
ee
ffe
ct
of
he
rd
in
g
on
ev
ac
ua
tio
n
effi
ci
en
cy
is
un
cl
ea
r
A
lth
ou
gh
pe
op
le
oft
en
di
sp
la
y
ob
vi
ou
sh
er
di
ng
be
ha
vi
or
,t
he
ir
ju
dg
m
en
tm
ay
no
tb
et
o
fo
llo
w
th
ec
ro
w
d.
(9
)
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7]
∙
∙
∙
∙
H
er
di
ng
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no
tt
he
sa
m
ea
s
im
ita
tio
n
M
an
y
stu
di
es
(o
.c.
)h
av
er
ep
or
te
d
th
at
he
rd
in
g
be
ha
vi
or
oft
en
oc
cu
rs
in
re
la
tiv
el
y
la
rg
en
um
be
r
of
pe
op
le
in
pa
ni
cs
itu
at
io
ns
.
(1
0)
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∙
∙
∙
∙
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er
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r
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re
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e
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pe
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ea
ce
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in
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ho
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es
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an
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ut
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ris
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ou
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.
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ep
re
se
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de
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e
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er
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ra
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er
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de
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er
at
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n
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ris
is
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tiv
at
ed
.
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bl
ea
nd
co
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ist
en
t
ev
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en
ce
sh
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n
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ci
ng
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ris
is
(e
.g
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fir
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ea
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hi
ng
fo
r
an
ex
it
an
d
av
oi
di
ng
sm
ok
ea
re
pr
ef
er
re
d
by
pe
op
le
ra
th
er
th
an
fo
llo
w
in
g
th
ec
ro
w
d
[h
er
di
ng
]
(1
1)
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7]
∙
∙
∙
H
er
di
ng
is
no
tc
om
m
on
ev
ac
ua
tio
n
be
ha
vi
ou
r
H
er
di
ng
co
effi
ci
en
t.
.
.
𝛼
in
di
ca
te
s
an
ev
ac
ue
e’s
te
nd
en
cy
to
em
ul
at
e
ot
he
rs
’s
tra
te
gi
es
,a
nd
(1-
𝛼
)
re
fle
ct
st
he
de
gr
ee
to
w
hi
ch
ev
ac
ue
es
pr
ef
er
to
ch
oo
se
th
ei
r
ow
n
str
at
eg
y
ba
se
d
on
pe
rs
on
al
ex
pe
rie
nc
es
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∙
∙
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er
di
ng
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ea
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im
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tin
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w
in
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ot
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nd
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at
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ni
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di
ng
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∙
∙
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ng
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tu
re
of
pa
ni
c
be
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vi
ou
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ec
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th
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ru
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eff
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n
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d
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or
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om
in
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xa
m
pl
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id
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th
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fa
n
en
vi
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nm
en
ti
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th
ee
xi
t
ro
ut
es
ar
el
es
sc
le
ar
th
an
in
ou
r
ex
pe
rim
en
to
re
ve
n
en
tir
el
y
un
kn
ow
n.
(14
)
[5
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∙
∙
∙
∙
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H
er
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ng
m
ea
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im
ita
tin
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fo
llo
w
in
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ot
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aj
or
ity
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m
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e
at
tra
ct
iv
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ch
be
ha
vi
or
is
th
e
he
rd
in
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be
ha
vi
or
.
(1
5)
[1
37
]
∙
∙
∙
∙
H
er
di
ng
m
ea
ns
im
ita
tin
g/
fo
llo
w
in
g
ot
he
rs
/m
aj
or
ity
Th
ee
xc
es
siv
eh
er
di
ng
be
ha
vi
or
ca
n
re
du
ce
th
ee
va
cu
at
io
n
effi
ci
en
cy
.
(1
6)
[1
37
]
∙
∙
H
er
di
ng
is
de
tri
m
en
ta
lt
o
ev
ac
ua
tio
n
effi
ci
en
cy
O
ur
stu
dy
ju
st
in
ve
sti
ga
te
st
he
fu
nd
am
en
ta
lc
ol
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ct
iv
ee
ffe
ct
s
w
hi
ch
flu
ct
ua
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re
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ed
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lo
cit
ie
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an
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he
rd
in
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be
ha
vi
ou
rc
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ha
ve
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in
de
pe
nd
en
tly
of
w
he
th
er
al
l
cr
ite
ria
of
pa
ni
cs
ar
ef
ul
fil
le
d
or
no
t.
(1
7)
[1
03
]
∙
∙
∙
∙
∙
∙
.
.
.
po
ss
ib
le
m
ec
ha
ni
sm
s
un
de
rly
in
g
th
ee
ffe
ct
so
fe
sc
ap
e
pa
ni
c(
re
ga
rd
in
g
an
in
cr
ea
se
of
th
ed
es
ire
d
ve
lo
cit
y,
str
on
g
fri
ct
io
n
eff
ec
ts
du
rin
g
ph
ys
ic
al
in
te
ra
ct
io
ns
,a
nd
he
rd
in
g)
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(1
8)
[1
9]
∙
∙
∙
∙
∙
H
er
di
ng
is
af
ea
tu
re
of
pa
ni
c
be
ha
vi
ou
r
In
ca
se
of
an
ev
ac
ua
tio
n,
pe
op
le
m
ay
al
so
be
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flu
en
ce
d
by
th
e
be
ha
vi
or
of
ot
he
rp
eo
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an
d
co
py
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is.
.
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A
rie
ly
co
ns
id
er
st
hi
s
to
be
he
rd
in
g
be
ha
vi
or
(1
9)
[5
8]
∙
∙
∙
∙
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im
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tin
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ot
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em
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ho
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ed
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pe
op
le
w
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lin
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he
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ot
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th
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lin
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ea
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el
l.
Th
er
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ul
ts
se
em
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pl
y
th
at
he
rd
in
g
is
im
pu
lsi
ve
(2
0)
[5
8]
∙
∙
∙
∙
H
er
di
ng
is
ob
se
rv
ab
le
in
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ov
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en
ti
ni
tia
tio
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ee
ffe
ct
of
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in
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vi
ou
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ig
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op
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ei
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ak
no
w
n
en
vi
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en
t.
.
.
C
ol
le
ct
in
g
da
ta
in
kn
ow
n
en
vi
ro
nm
en
ts
co
ul
d
pr
ov
id
e
in
sig
ht
so
n
th
is.
(2
1)
[5
8]
∙
∙
H
er
di
ng
te
nd
en
cy
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m
od
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ed
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th
el
ev
el
of
un
ce
rta
in
ty
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es
in
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he
rd
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ev
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ch
oi
ce
s
(2
2)
[5
8]
∙
∙
H
er
di
ng
te
nd
en
cy
is
m
od
er
at
ed
by
str
es
sl
ev
el
H
er
di
ng
eff
ec
t(
i.e
.,
he
rd
in
g
be
ha
vi
or
),
co
ns
id
er
ed
as
a
co
m
m
on
ph
en
om
en
on
in
va
rio
us
fie
ld
ss
uc
h
as
em
er
ge
nc
y
ev
ac
ua
tio
n
of
la
rg
ec
ro
w
ds
,h
as
ca
ug
ht
m
uc
h
in
te
re
st
of
sc
ho
la
rs
.
(2
3) [8
]
∙
∙
∙
H
er
di
ng
is
co
m
m
on
ev
ac
ua
tio
n
be
ha
vi
ou
r
Fo
rl
ar
ge
po
pu
la
tio
n
to
es
ca
pe
fro
m
da
ng
er
in
ac
lo
se
d
bu
ild
in
g
w
ith
tw
o
sy
m
m
et
ric
al
ly
lo
ca
te
d
ex
ist
so
rp
at
hs
,h
er
di
ng
eff
ec
t
m
ea
ns
th
at
th
eg
re
at
m
aj
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ity
of
pe
op
le
ad
op
tt
he
sa
m
eo
ne
in
es
ca
pi
ng
,l
ea
vi
ng
th
eo
th
er
on
e
va
ca
nt
.
(2
4) [8
]
∙
∙
∙
∙
H
er
di
ng
m
ea
ns
im
ita
tin
g/
fo
llo
w
in
g
ot
he
rs
/m
aj
or
ity
(i)
H
er
di
ng
eff
ec
tu
su
al
ly
m
ea
ns
in
effi
ci
en
tu
til
iz
at
io
n
of
re
so
ur
ce
s,
th
us
oft
en
le
ad
in
g
to
in
fe
rio
ro
ut
co
m
es
in
re
al
lif
e.
(ii
)A
sy
m
m
et
ric
ut
ili
za
tio
n
of
es
ca
pi
ng
ex
its
in
em
er
ge
nc
y
du
e
to
he
rd
in
g
eff
ec
tw
ill
de
cr
ea
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ev
ac
ua
tio
n
effi
ci
en
cy
an
d
br
in
g
di
sa
str
ou
sc
on
se
qu
en
ce
s
(2
5) [8
]
∙
∙
∙
∙
H
er
di
ng
is
de
tri
m
en
ta
lt
o
ev
ac
ua
tio
n
effi
ci
en
cy
H
er
d
be
ha
vi
ou
ri
sm
an
ife
ste
d,
w
ith
un
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til
isa
tio
n
of
ot
he
r
ex
its
.
(2
6)
[1
7]
∙
∙
∙
∙
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la
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ed
us
e
of
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is
ev
id
en
ce
fo
rh
er
di
ng
Journal of Advanced Transportation 43
Ta
bl
e
7:
C
on
tin
ue
d.
Q
uo
te
s
Q
u.
Re
f.
N
o.
Im
pl
ic
at
io
ns
of
th
eq
uo
te
Th
es
ou
rc
e
stu
dy
C
om
m
en
ts/
In
te
rp
re
ta
tio
ns
D
isc
ip
lin
e
St
ud
y
ty
pe
Li
nk
st
o
P.
Li
nk
st
o
Ir.
D
ef
./
Ch
a.
H
.
Su
pp
.
H
.
C
on
t.
H
.
So
c.
Sc
i.
Ph
ys
.
Sc
i.
Bi
o.
Sc
i.
M
od
.
Em
p.
Te
st.
C
on
c.
As
ev
ac
ue
es
ch
oo
se
to
fo
llo
w
ot
he
rs
du
rin
g
ag
am
e,
he
rd
in
g
be
ha
vi
or
w
ill
oc
cu
ri
n
th
e
ev
ac
ua
tio
n
pr
oc
es
s.
(2
7)
[3
7]
∙
∙
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ua
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8)
[4
3]
∙
∙
∙
∙
H
er
di
ng
is
co
m
m
on
m
od
el
in
g
as
su
m
pt
io
n
In
an
em
er
ge
nc
y,
pa
ss
en
ge
rs
on
th
ep
er
ip
he
ry
of
th
ee
ve
nt
ar
e
us
ua
lly
un
aw
ar
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ft
he
de
ta
ils
of
th
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itu
at
io
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Ra
th
er
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he
se
pa
ss
en
ge
rs
us
ua
lly
ad
op
ta
he
rd
m
en
ta
lit
y
an
d
ev
ac
ua
te
im
m
ed
ia
te
ly
fo
rt
he
ir
se
cu
rit
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∙
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∙
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H
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ng
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ev
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r
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W
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ti
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du
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ew
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ed
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at
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an
ev
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ph
as
e.
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gr
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nt
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m
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el
ar
ea
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al
ig
nm
en
tt
er
m
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ou
nt
in
g
fo
r
th
eh
er
di
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eff
ec
tt
yp
ic
al
of
un
ce
rta
in
be
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vi
or
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ra
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w
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co
un
tin
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ite
d
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∙
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